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EVALUATION OF WAX-TREATED CORRUGATED BOARD BOXES FOR
WET-PACK POULTRY
SUMMARY
This report discusses the results obtained in a study to com-
paratively evaluate several combinations of wax-treated corrugated board
for wet-pack poultry boxes. Six combinations of A-flute board were fab-
ricated with water-resistant adhesive and impregnated with from 25 to 28%







In' addition, the Kieckhefer Container Corporation forwarded sixteen
"Ice-o-box" containers to use as a control in the compression tests.
Two evaluation procedures were employed. In one, the boxes were
filled with 10 lb. ice and four stacks of three boxes each were made from
each sample. The bottom box in each stack was placed in a tray filled with
about 1/2 water. After conditioning at 40°F. and 90% R.H. for 48 hours,
the boxes were evaluated for compression strength. In the second evaluation
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procedure, stacking tests were carried out on all samples (except the Ice-
o-box) using the procedure described in Project 1108-18. Progress Report 2,
Sept. 25, 1957, entitled "Comparative stacking evaluation of five wet-pack
poultry-type boxes." For each combination, two stacks of 6 boxes each were
assembled. Each box was packed with 24 dummy packages plus about 13 lb. ice.
The results may be summarized as follows:
PHASE I. COMPRESSION RESULTS
1. Top and center box position: All the wax-treated combinations
exhibited higher compression strengths than the "Ice-o-box" except the
42-26-42 combination.
2. Bottom box position: For the boxes which stood in water for the
48-hour period, the wax-treated, 69-33-42 combination gave results approxi-
mately equal to the Ice-o-box. The other wax-treated combinations were from
about 13 to 39% lower than the Ice-o-box.
PHASE II. STACK TESTS
1. In the stacking tests, the combinations ranked in about the
order that would be expected from the weight of components used.
2. The 69-33-42 and 69-26-42 combinations approached the per-
formance of the Ice-o-box (evaluated in a previous study) most closely.
Estimates of the cost of the various combinations including the
cost of wax and the waxing operation indicated that all combinations were
below the cost of either the Ice-o-box or the conventional wirebound crate.
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INTRODUCTION
It has been found that when paraffin wax in the amount of 25 to 30%
is applied to corrugated combined board either by roll coating or spraying
and subsequently "cured" at 180 to 200'F., complete and uniform distribution
of the wax among the fibrous components is obtained. Further, it has been
found that boxes, made from corrugated board so treated, have remarkable
strength when exposed to adverse moisture conditions. Preliminary results
with wax impregnated board have indicated that it may have merit in the wet-
packing of fresh eviscerated poultry. The purpose of this study was to com-
paratively evaluate several types of wax-treated corrugated board against a
regular V3c combination and the Ice-o-box (developed by the Kieckhefer Con-
tainer Corporation). Two evaluation procedures were requested. In one,
the boxes were to be filled with 10 pounds of ice and four stacks of three
boxes each were to be made from each sample. The bottom box in each stack
was to be placed in a tray filled with about 1/2 inch of water. The stacks
were to be placed in an atmosphere of 40'F. and 90% relative humidity and
the boxes were to be evaluated for compression strength after 48 hours. In
the second evaluation procedure, stacking tests were to be carried out on
all samples (except the Ice-o-box) using the procedure described in Progress
Report Two, September 25, 1957, entitled, "Comparative stacking evaluation
of five wet-pack poultry-type boxes."
As originally planned, the following combinations were to be
evaluated:
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1. 47-33-47--A-flute, waterproof adhesive, wax treated.
2. 47-26-47--A-flute, waterproof adhesive, wax treated.
3. 42-26-42--A-flute, waterproof adhesive, wax treated.
4. V3c--B-flute
5. Ice-o-box--corrugated top and solid fiber bottom (in compression
only.)
Because of delays in obtaining the V3 c board, the Institute was requested
to proceed without the V3c combination, and several additional combina-
tions of wax-treated board were added to the program.
The two phases of the program could not be carried out concur-
rently because of cold room space limitations. For this reason, the re-
sults from each phase were collected together into preliminary reports to
the subcommittee. These preliminary reports were dated February 26, 1958
and March 26, 1958. This present report summarizes the results from bath
phases of the program.
MATERIALS
The board combinations used in this study are tabulated in
Table I.
TABLE I
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The above combinations were fabricated at the Menasha Wooden Ware Corpor-
ation on February 20 using a resorcinol adhesive on the single-facer and
a Ketac adhesive on the double-facer. These adhesives, while usually con-
sidered to be "water-resistant" types rather than "waterproof" types were
used for the following reasons.
1. Considerable savings in time and money could be and were effected
in scheduling the fabrication of the required combinations. The Menasha
Wooden Ware Corporation has had few--if any--orders calling for "waterproof"
adhesives; consequently, scheduling the 6 combinations needed would have
been difficult for them.
2. As a consequence of the fact that Menasha Wooden Ware Corporation
has used "waterproof" adhesives on few occasions, it was felt that fabrica-
tion problems would be encountered. From this standpoint, it was felt that
a well-applied "water-resistant" adhesive could give better performance than
a poorly applied "waterproof" adhesive.
Samples of each combination were checked for compliance with the
V3c adhesion specifications. After 24 hours' immersion there was no evi-
dence of delamination; however, it was found that delamination could be in-
duced when the single-faced liner (bonded with resorcinol-starch) was re-
peatedly stressed with the thumb--the resulting delamination taking place
because of the cohesive characteristics. In the case of the double-face
adhesive (Ketac-starch), delamination was accompanied by a rupture or pulling
of fibers. On the basis of the above, it appears that the adhesion, in
general, was a borderline case with reference to the V3c specification.
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In consideration of the above, it was felt that the decision to
use the resorcinal and Ketac adhesives was justified as it would allow the
program to be expedited with little or no loss in box performance in either
the compression or stacking tests.
In addition to the above board combinations, the Kieckhefer Con-
tainer Corporation supplied sixteen "Ice-o-boxes" to be used as a reference
in Phase I. These Ice-o-boxes were fabricated with corrugated board top and
a solid fiber bottom and are believed to be identical in composition to the
boxes evaluated as Set 1 in a previous study (see Project 1108-18, Progress
Report Two, "Comparative stacking evaluation of five wet-pack poultry-type
boxes," dated September 25, 1957.)
BOX CONSTRUCTION
The six combinations noted above were scored and slotted to give
full telescope boxes with dimensions of 22 by 16 by 8 inches. The flu'es
in the body section were parallel to the 22-inch dimension and, in the cover,
parallel to the 16-inch dimension. The laps .,ere placed on the sides on the
body and on the ends of the cover. The body sections were deep-slotted (3/S
inch below male) and rectangular drain holes were cut in both cover and body
in the same locations as in the Ice-o-box. In the cover, the drain hole was
centrally located and was 1-1/2 by 1/4-inch in size. In the body section the
three drain holes were each 1-1/2 by 1/2 inch in size. A photograph of a
typical box is shown ih Figure 1.
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After scoring, each blank was waxed with paraffin (m.p. 127-129-'
on a roll coater using a wax temperature of 140'F. The blanks were then
cured in an oven at from 185 to 200'F. (See Project 1108-18, Progress Report 3,
Study of Wax-impregnated Corrugated Board, March 3, 1958, for details of im-
pregnation processes.) At the end of the curing period, the blanks were
allowed to cool in an atmosphere of high humidity and then slotted and stitched.
Analysis of the impregnated board for wax pick-up (carbon tetrachloride ex-
traction method) gave the results shown in Table II. As may be noted in the
table, wax contents ranged from 24.7 to 30.0% for the individual components--
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PRECOMPRESSION TEST STACKING PROCEDURE
Twelve boxes from each sample were subjected to the following
conditions prior to their compression evaluation. Each box was filled
with 10 lb. of crushed ice and the boxes were then placed in four stacks
of three boxes each. The bottom box in each stack was placed in a tray
filled to about 1/2 inch in depth with water. The stacks were held for
48 hours at 40'F. and 90% relative humidity prior to test. At the end of
the 48 hours the boxes were removed one by one from the cold room and
tested immediately at 50% relative humidity and 73'F.
STACK TEST PROCEDURES
Procedures employed in this study for the stack tests were
essentially the same as those used in a previous study--(see "Comparative
stacking evaluation of five wet-pack poultry-type boxes," Project 1108-18,
Progress Report 2, Sept. 25, 1957). A brief resume of the procedures is
given below.
1. Two stacks of 6 boxes each were wet up for each combination.
The two stacks for each combination were arbitrarily identified by the
letters "A" and "B."
2. Each box was filled with 24 dummy packages (containing 0.75 lb.
wet wood shavings and 1.45 lb. sand) and about 13 lb. ice. The appearance
of a typical box after packing is shown in Figure 2.
3. After the boxes were packed, the boxes were stacked in proper
order in an insulated truck. Figure 3 illustrates the appearance of the
boxes in the truck. The floor of the truck was wet down thoroughly be-
fore placing the box in the truck. The journey in the truck covered
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Appearance of Boxes in Truck
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about 100 miles on U. S. Highway 10 from Appleton to Two Rivers, Wisconsin,
and back. When the truck was opened on its return, it was found that two
stacks had toppled over--apparently, as the truck entered The Institute of
Paper Chemistry grounds. The two stacks concerned were the A and B stacks
of the 42-33-42 combination. It was also noted as the stacks were unloaded
that two of the stacks in the right front corner of the truck stood in from
1/2 to 1 inch of water--the pool of water was caused by a forward tilt of
the truck body--perh.ps caused by uneven ground at the loading dock. The
two stacks concerned were the A stack of the 42-26-42 combination and the
B stack of the 47-33-47 combination.
4. When the truck returned, the stacks were set up in the cold room
at 40*F. and 90% R.H. in the same vertical arrangement as on the truck.
These particular conditions were selected to correspond to the conditions
used in the compression tests. Daily measurements of stack inclination and
change in stack height were then taken for 11 days at which time the boxes
were unpacked.
5. The following weights were obtained during the packing and unpacking
operation.
a. Empty box weight
b. Weight of dummy packages
c. Total box weight
d. Ice weight (by difference)
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DISCUSSION OF RESULTS
PHASE I. COMPRESSION RESULTS
The compression results on the individual boxes are tabulated in
Table III and summarized in Table IV. As would be expected, the top and
center boxes in each stack yielded approximately equal compression results.
The bottom boxes, on the other hand, which were in contact with the tray
water during the pretest exposure period exhibited much lower compression
strengths--from about 1/3 to 1/2 of the strength exhibited by the upper
boxes. Those areas of the lower boxes in direct contact with the water
were quite "soft" to the touch for all samples, although the solid fiber
bottom of the Ice-o-box appeared to be affected to a somewhat lesser extent.
In Table III, where the results are compared to the Ice-o-box,
it may be noted that, for the top and center box positions, all the wax-
treated combinations except the 42-26-42 give higher results than the
Ice-o-box. For the more stringent and, perhaps, more realistic conditions
associated with the bottom box position, only the 69-33-42 combination gave
somewhat higher results than the Ice-o-box and that difference was of
doubtful significance. The 69-26-42 combination was 12.8% lower than the
Ice-o-box while the remaining combinations exhibited decreases from about
23 to 39%.
PHASE II. STACK TEST RESULTS
As discussed previously, two stacks (6 boxes high) were set
up for each combination. The boxes were filled with 24 dummy packages
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and about 13 lb. of ice. Measurements of stack inclinations and change
in height at the top box and bottom box were then made over 11 days. It
should be mentioned that the 11-day storage period is considerably longer
than would normally be encountered with wet-pack poultry. From this stand-
point comparisons of stack behavior at the shorter time intervals, such
as 4 to 7 days, may be more realistic in terms of "normal" use requirements.
With the above in mind, a summary of the inclination measurements may be
found in Table V. Referring to the table, it may be noted that the com-
binations fabricated with two 42-lb. kraft liners gave the greatest in-
clinations in general. Thus, extremely high inclinations were recorded
for both stacks of 42-26-42 combination and one of the 42-33-42 stacks.
It may be remarked that the extremely high inclination recorded for the
B-stack of the 42-33-42 combination probably resulted from damage incurred
when this stack toppled over in the truck. As might be expected, the com-
binations fabricated with 69-42 lb. liners tended to give the smallest
stack inclinations with the 47-lb. liner combinations, ranking between
the 69-42 and 42-42 combinations. It may be remarked that the combina-
tions fabricated with the heavier weight (33 lb.) mediums tended to ex-
hibit less inclination than did the 26-lb. medium combinations. When the
results for the wax-treated boxes are compared to the results obtained for
the "Ice-o-box" evaluated in a previous study (see Comparative Stacking
Evaluation of Five Wet-Pack Poultry Type Boxes, Progress Report Two,
Project 1108-18, Sept. 25, 1957), it appears that the 69-33-42 and
69-26-42 combinations approached the Ice-o-box performance most closely.
Fourdrinier Kraft
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Results taken from Project 1108-18, Progress Report
Kraft Board Institute, Inc., Sept. 25, 1957--Set 1,
fiber bottom.
2, to the Fourdrinier
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Photographs were taken of the stacks after various storage periods.
Figures 4a and 4b show the appearance of the stack after 1 day and Figure 5
illustrates the appearance of two of the bottom boxes after 1 day. Figures
6a through 10 show stack appearance after 5, 7 and 11 days, respectively.
Figure 11 illustrates the appearance of the covers on the bottom boxes after
unpacking.
The changes in height of the stacks at the top and bottom boxes
are summarized in Tables VIA and VIB, respectively. Referring to the table.
it may be noted that the results tend to rank the combinations in much the
same order as the inclination measurements discussed above.
As was done in the original study, measurements of the change in
box and ice weights were made in this study. The results obtained are sum-
marized in Tables VII and VIII. As may be noted in Table VII, the ice was
almost completely melted at the end of the test period. This was in con-
trast to the results obtained in the previous study where from 2 to 3 lb.
of ice remained after 11 days. It is believed that the greater rate of
melting encountered in this study was caused by three factors:
1. The boxes in this study were filled with slightly less ice
than was used in the previous study.
2. The dummy packages in the previous study were stored in the
cold room for at least 10 days prior to packing. This allowed more time
for the package to come to temperature equilibrium in the cold room. In
this study the dummy packages were prepared during the five or six days
Fourdrinier Kraft
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TABLE VIA
CHANGE IN HEIGHT OF STACKS
Change in Height at Top Box, inches




































































































































Results taken from Project 1108-18, Progress Report
Kraft Board Institute, Inc., Sept. 25, 1957--Set 1,
fiber bottom.
2, to the Fourdrinier
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TABLE VIB







Change in Height at Top of Bottom Box, inches


















































































































































Results taken from Project 1108-18, Progress Report
Kraft Board Institute, Inc., Sept. 25, 1957--Set 1,
fiber bottom.
2, to the Fourdrinier
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Weight of Ice, lb.
47-33-47 47-26-47

























































































































































14.0 0.02 13.6 0.02 13.8 0.02
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TABLE VIII
























































































Av. 4.12 4.94 3.97 4.64 3.78 4.60 3.52 4.30 3.57 4.33 3.37 4.07
Change,


















































Av. 4.14 4.97 3.97 4.85 3.77 4.62 3.51 4*32 3.56 4.29 3.36 4.06
Change,
%a _- +20 +22 +23 - +23 +21
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Figure 7
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preceding the packing day and, therefore, may not have reached the cold room
temperature prior to packing.
3. The cold room temperature of 40'F. was slightly higher than the
temperature used in the previous study.
A summary of the observations made when the stacks were disassembled
may be found in Table IX. Referring to the table, it may be noted that all
boxes showed evidence of dishing on top and bottom and also wicking. No
puddles were observed on the tops of any of the boxes. Delamination in
areas of the bottom box were observed in three of the sets--i.e., 47-33-47,
42-33-42, and 42-26-42.
At the present time there is no gage against which a fiberboard
box may be compared to determine whether it meets or falls short of the re-
quirements for the wet-packing of poultry; however, the Ice-o-box is probably
as good a reference as there is today. It is our understanding that the
Ice-o-box performs satisfactorily but is not competitive price-wise, being
approximately 20 to 25% higher than the present wirebound box. The informa-
tion which is lacking is whether the Ice-o-box just barely meets the per-
formance requirements or whether it exceeds them by a significant margin.
In order that the results discussed above may be placed in proper perspective,
cost estimates based on market price of the untreated boxes, the cost of the
wax and an estimate of the cost of waxing have been prepared. These are
listed below for each combination on a per-box basis together with the price


























































































































































































































































































































































































































































































































































































The estimate of the market price of the untreated boxes was taken
as the price quoted by a corrugated plant for untreated boxes of the specified
size and grade. To this was added the cost of the wax used, based on a wax
cost of 10o per lb.
Reviewing the above, it may be noted that all wax-treated combina-
tions used in this study could be expected to cost less than the wirebound boxes
in present use in the trade.
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